A number of studies suggest that breast-feeding has beneficial effects on an individual's cardiovascular risk factors in adulthood, although the mechanisms involved are unknown. One possible explanation is that adults who were breastfed differ in their health behaviours. In a historical cohort, adult health behaviours were examined in relation to type of milk feeding in infancy. From 1931 to 1939, records were kept on all infants born in Hertfordshire, UK. Their type of milk feeding was summarised as breastfed only, breast and bottle-fed, or bottlefed only. Information about adult health behaviours was collected from 3217 of these men and women when they were aged 59-73 years. Diet was assessed using an administered FFQ; the key dietary pattern was a 'prudent' pattern that described compliance with 'healthy' eating recommendations. Of the study population, 60 % of the men and women were breastfed, 31 % were breast and bottle-fed, and 9 % were bottle-fed. Type of milk feeding did not differ according to social class at birth, and was not related to social class attained in adult life. There were no differences in smoking status, alcohol intake or reported physical activity according to type of milk feeding, but there were differences in the participants' dietary patterns. In a multivariate model that included sex and infant weight gain, there were independent associations between type of feeding and prudent diet scores in adult life (P¼ 0·009), such that higher scores were associated with having been breastfed. These data support experimental findings which suggest that early dietary exposures can have lifelong influences on food choice.
There is now a substantial body of evidence that environmental influences acting in early development are linked to later health (1) . In the early postnatal period, there is particular interest in the extent to which variations in infant nutrition affect growth, development and later function. Analyses of longitudinal cohorts have shown that the type of milk feeding in infancy may be important, as breast-feeding is associated with small reductions in blood pressure (2) and serum cholesterol in adult life (3, 4) , and with a lower risk of becoming overweight (5, 6) and developing type 2 diabetes (7) . The mechanisms that underlie the links between type of milk feeding and later health are not understood. In terms of risk of later obesity, it is possible that because breastfed babies control the amount of milk they consume, they learn effective self-regulation of energy intake in early life (8, 9) .
Another explanation may be that the bioactive components in breast milk have long-term 'programmed' effects on function. For example, early exposure to leptin and adiponectin in breast milk could be involved in setting endocrine responses to feeding (10) . However, a third possibility is that there are behavioural differences between adults who were breastfed or formula-fed in infancy. There is some evidence that breast-feeding affects the acquisition of taste preferences in infancy, which may be important in establishing lifelong food habits (11, 12) . Alternatively, early exposure to breast milk may be associated with a more beneficial profile of health behaviours in later life, which includes having a healthier diet. The finding, from follow-up of a historical cohort, that breast-feeding was associated with higher educational attainment and with greater upward social mobility is consistent with this possibility (13) , as such effects would be expected to make an impact on responses to health messages in adult life, and consequent health behaviours. However, in developed populations, it is difficult to assess the effects of breast-feeding on later diet, as the choice to breastfeed is often associated with higher maternal social class and educational attainment -both characteristics that are also likely to influence children's dietary patterns (14) . Using data from a cohort of 3217 adults who were born in the 1930s, at a time when breast-feeding in the UK was more common (15) , and social gradients in feeding practice were much less marked than today (16) , health behaviours, including compliance with 'healthy' eating recommendations, level of physical activity, smoking behaviour and alcohol consumption in adult life were examined according to type of milk feeding in infancy. The aim of the present study was to test the hypothesis that breast-feeding is associated with a beneficial profile of health behaviours in later life.
Subjects and methods

The Hertfordshire Cohort Study
From 1911 to 1948, health visitors kept detailed records on all infants born in the county of Hertfordshire, UK. These records have been described previously (17) . In 1998, 7106 men and women who were born between 1931 and 1939 and who were still living in Hertfordshire were traced using the National Health Service (NHS) central register. General practitioners gave permission for us to write to 3126 (82 %) men and 2973 (91 %) women. Of these, 1684 (54 %) men and 1541 (52 %) women agreed to be interviewed at home by a trained research nurse when diet was assessed and information was obtained on the participant's medical and social history.
This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures were approved by the Bedfordshire and Hertfordshire Local Research Ethics Committee and the West Hertfordshire Local Research Ethics Committee. All participants gave written informed consent.
Early-life data
Infants were visited throughout their first year by a health visitor (median number of visits 12 (interquartile range 11 -13)). Details of infant feeding and weights obtained at these visits were documented on record cards. At the end of the year, the information for each infant was summarised in a ledger. The type of milk feeding in infancy was categorised as 'breastfed only', 'breast and bottle-fed', or 'bottle-fed only', and weights at birth and at 1 year of age were recorded. The record cards containing more detailed information on type of feeding, feeding duration and infant's weight (determined at individual visits) were not retained.
Dietary assessment
Diet was assessed using a FFQ that included 129 foods and food groups, and was based on the European Prospective Investigation into Cancer and Nutrition questionnaire (18) . An average frequency of consumption of the listed foods over the 3-month period preceding the home interview was recorded. Each FFQ was administered by a trained research nurse, and prompt cards were used to show the foods included in each food group, to ensure standardised responses to the FFQ. Frequencies of other foods that were not listed on the FFQ were also recorded if consumed once per week or more. Complete dietary data were available for 1677 (54 %) men and 1540 (52 %) women.
The foods listed in the FFQ were classified into fifty-one food groups on the basis of similarity of type of food and nutrient composition. For example, carrots, parsnips, swede and turnip were included in the 'root vegetables' group; bacon, ham, corned beef, pies and sausages were included in the 'processed meats' group. Any foods listed at the end of the FFQ (e.g. stanol-containing fat spreads, pheasant) were allocated to one of the fifty-one groups according to their use and composition. Principal components analysis (PCA) of the reported weekly frequencies of consumption of these food groups was used to define patterns of diet. The first component, that explained the most variance in the dietary data (8 %), described a pattern of foods that was characterised by high consumption of fruit, vegetables, wholemeal cereals and oily fish but by low consumption of white bread and chips, sugar and full-fat dairy products. This pattern of diet reflects UK recommendations for a healthy diet and was called a 'prudent' diet in common with other published studies (19, 20) . A prudent diet score was calculated for each participant using the coefficients for each food group defined by the PCA, multiplied by their reported frequency of consumption of the group, and these values were summed. The score indicates their compliance with the pattern. A high prudent diet score (in the upper part of distribution of scores) indicates a diet characterised by high consumption of fruit, vegetables, wholemeal cereals and oily fish; while a low score (in the lower part of the distribution of scores) indicates a diet characterised by high consumption of white bread and chips, sugar and full-fat dairy products. Nutrient supplements were not included in the PCA. A second 'traditional' dietary pattern has also been described in this cohort (18) , but the present analyses only considered the prudent dietary pattern, as an indicator of the participants' understanding and adherence to healthy eating guidance.
Data analysis
Social class at birth was coded according to father's occupation (21) and categorised in two groups (non-manual occupations: I (professional), II (managerial and technical), IIINM (skilled non-manual); manual occupations: IIIM (skilled manual), IV (partly skilled), V (unskilled)). Birth order and age at leaving full-time education were reported by the participant at interview. Information on the type of milk feeding, birth weight and weight at 1 year for the Hertfordshire Cohort Study (HCS) participants was abstracted from the original ledgers. Weight gain in the first year was characterised by calculating sex-specific standard deviation scores that were conditional on birth weight (22) . This measure is free of artefactual effects of regression to the mean, and is a standardised measure of an individual's growth in the first year of life in comparison with that expected for their birth weight. Adult lifestyle characteristics were reported at interview. Current smoking status was categorised in three groups (smokers, ex-smokers and non-smokers). Units of alcohol consumed each week were calculated from the reported frequency (seven frequency categories ranging from never to more than once per day) and amount consumed of five different types of alcoholic drinks. One unit of alcohol was equivalent to 284 ml beer, 125 ml wine, 50 ml fortified wine or 25 ml spirits (23) . A standardised activity score, ranging from 0 to 100, was calculated based on responses to questions about the frequency of gardening, housework, climbing stairs and carrying loads in a typical week. Higher scores indicate a greater level of activity (23) . Current social class was coded according to current or most recent occupation for men and never-married women, or from husband's occupation for ever-married women, and categorised in two groups (21) . Trends in outcome measures were considered across the three milk-feeding groups (breast, breast and bottle, bottle). Bottle foods available in the 1930s included patent preparations of dried cows' milk, unmodified cows' milk and diluted condensed milk (24) . The trends across the three groups were taken to indicate graded changes in exposure to breast milk in the first year of life. Normality of variables was assessed and variables transformed as required. Differences in the continuous variables between men and women were tested using t tests and Wilcoxon rank-sum tests where appropriate, while differences in proportions were tested by Pearson's x 2 test. To investigate the associations between early-life characteristics and type of infant feeding, ordered logistic regression was performed. The assumption of proportionality of odds across the milk-feeding groups was tested for all fitted models. Univariate and multiple regression analyses were used to investigate associations between infant milk feeding and outcomes in adult life, with and without adjustment for significant early-life effects (birth weight, weight gain) and other adult lifestyle characteristics. Spearman rank correlation was used to test for trend in the consumption of individual foods across milk-feeding groups and across categories of infant weight gain. Data were analysed using Stata version 11 (Stata Corporation) (25) .
Results
The men and women studied were aged between 59 and 73 years of age: men 65·6 (SD 2·9), women 66·6 (SD 2·7) years. Their characteristics are shown in Table 1 . With the exception of weight at birth, there were no differences between the men and women in their early-life characteristics, including their type of milk feeding. In adult life, the men and women were of similar social class, but differed in their health behaviours such that men were more likely to smoke, to have a higher alcohol consumption and to have a poorer diet, with a lower prudent diet score. In contrast, their activity scores tended to be higher than those of the women studied.
The early-life characteristics of the men and women are shown according to the type of milk feeding in infancy in Table 2 . The type of milk feeding did not differ by social class at birth or by birth order. However, there were associations with size at birth and with conditional weight gain in the first year. Breast-feeding was more common among babies of higher birth weight, although the differences in weight were small, and was associated with lower weight gain in the first year. Weight at birth and infant weight gain were not related (P¼ 0·683), and remained independently associated with the type of milk feeding in a multivariate model (both P,0·001, data not shown). Age at leaving fulltime education was not related to the type of milk feeding in infancy.
The adult lifestyle characteristics of the men and women are shown according to the type of milk feeding in infancy in Table 3 . Social class attained in adult life was not related to the type of milk feeding. Of the health behaviours considered, only adult diet differed between the feeding groups, with higher prudent diet scores found among the men and women who had been breastfed only, and lower scores in those who had been bottle-fed only. Since all the health behaviours differed between the men and women (Table 1) , multivariate models were used to examine their associations with the type of milk feeding after taking account of the effect of sex. Inclusion of sex made little difference to the associations between type of milk feeding and smoking, alcohol consumption and activity score (data not shown), but the relationship between the type of milk feeding and adult prudent diet score remained (P¼0·031).
As birth weight and conditional weight gain in the first year were related to the type of milk feeding (Table 2) , their independent associations with adult prudent diet scores were examined in a multivariate model (Table 4) . Prudent diet scores were independently related to the type of milk feeding and to weight gain in infancy, but there was no independent association with weight at birth. Their separate associations are illustrated in Fig. 1 . At each level of infant weight gain, higher prudent diet scores were found among the men and women who had been breastfed only. Likewise, within each feeding group, greater conditional weight gain was associated with higher prudent diet scores in adult life. There was no interaction between type of milk feeding and conditional weight gain in their relationships with prudent diet score (P¼0·806). In previous analyses of this cohort, higher prudent diet scores have been described in men and women of higher social class, in non-smokers and in those who left full-time education at an older age (16) . After including these correlates of the prudent dietary pattern in the model, the independent associations between type of milk feeding in infancy and infant weight gain with prudent diet score remained (P¼0·045 type of milk feeding; P, 0·001 weight gain in first year).
High prudent diet scores are indicative of diets that are characterised by differences in consumption of a range of foods that includes higher intakes of fruit, vegetables, oily fish and wholemeal cereals but lower intakes of white bread, added sugar, full-fat dairy products, chips and processed meat. Type of milk feeding in infancy and infant weight gain were therefore examined in relation to the consumption of individual foods. With the exception of full-fat dairy products, consumption of the foods that characterised the prudent pattern were associated with either infant feeding type or weight gain in infancy, or both. Consumption of the key foods (18) is shown in Tables 5 and 6 . There was no evidence of particular associations between infant feeding S. Robinson et al.
and infant growth with the consumption of any individual foods that characterised the pattern, or with any of the remaining foods in the adult diet (data not shown). Where there were significant trends in the consumption of individual foods, these appeared to be due both to differences in proportions of consumers across the feeding and weight gain groups, and to differences in the frequency of consumption among the consumers. For example, the proportion of men and women who added sugar to their food ranged from 44 % of the breastfed group to 50 % of the bottle-fed group; the equivalent proportions of consumers with high added sugar consumption (. 4 teaspoons/d) were 54 and 62 %. The pattern was similar according to weight gain in infancy. For example, 87 % of men and women in the bottom-third of the distribution (Table 6 ) ate any oily fish, compared with 90 % of those in the top-third. The proportion of oily fish consumers with high intakes (.1/week) was 53 and 61 % in the bottom and top weight gain groups, respectively. Since an independent association was found between infant weight gain and prudent diet score in adult life, in the final analyses its associations with the other health behaviours were examined. In multivariate models (that also included sex, birth weight and type of milk feeding), there were no associations between infant weight gain and smoking status (P¼ 0·98), alcohol consumption (P¼0·34) or activity score (P¼ 0·95).
Discussion
The present study found that the diets of older men and women who had been breastfed differed from those who had been bottle-fed, such that greater exposure to breast I, professional; II, managerial and technical; IIINM, skilled non-manual; IIIM, skilled manual; IV, partly stilled; V, unskilled. * P for difference between men and women using t test (birth weight, weight gain, prudent diet and activity scores), Wilcoxon rank-sum test (alcohol intake) and Pearson's x 2 test (social class, birth order, type of milk feeding, age at leaving education, smoking status). † Includes some missing values.
milk was associated with diets that were characterised by greater consumption of fruit, vegetables, wholemeal cereals and oily fish, and low consumption of refined cereals, sugar and full-fat dairy products. This association, while modest in terms of effect size, was robust to adjustment for confounding factors that included adult correlates of the dietary pattern, such as smoking and social class (18) . The lack of associations between type of milk feeding and other health behaviours suggests that the differences in adult diet are not simply a response to general recommendations for a healthy lifestyle, but that there may be specific effects of infant dietary exposures on food choices made in adult life. Additionally, independent of type of feeding, greater weight gain in the first year was related to differences in later diet; greater infant weight gain was associated with healthier dietary choices in adult life. To our knowledge, such differences in adult diet in relation to type of milk feeding and growth in infancy have not been described before.
There may be different mechanisms that link infant diet and growth to adult diet. In terms of infant diet, it is possible that differences in early exposures affect the acquisition of taste preferences, which influence later food choice. This would * P for trend across the milk-feeding groups using ordered logistic regression. * P for trend when infant feeding is used as independent predictor and adult characteristics as dependent variables in univariate regression models.
be consistent with experimental data from recent studies. For example, infants fed bitter-tasting protein hydrolysate formula milks exhibit a greater preference for foods with the same sensory attributes in later childhood (26, 27) . Breast-feeding exposes infants to volatile flavour compounds from the maternal diet.
In comparison with infants who are formula-fed, these exposures are much more variable, which is likely to have a significant impact on flavour learning in infancy (11) . Although there is some recent experimental evidence that later acceptance of foods is greater among children who were breastfed (11, 28) , this is difficult to assess, as the choice to breastfeed is also associated with differences in maternal education and diet (29) , and with differences in infant feeding practices (30, 31) . In the present study, this was not the case, as the type of milk feeding in infancy was not associated with differences in social class or birth order -both factors that are known to be associated with differences in childhood diet (14) . Another possibility is that the observed differences in adult food choice according to milk-feeding type resulted from differences in salt consumption in infancy as the relatively higher Na content of cows' milk, and early breast milk substitutes based on cows' milk (32) , would have led to greater intakes in the infants who were bottle-fed. In animal studies, early exposure to salt enhances adult intake of sweet and salty compounds (33) . In this study, many of the foods that characterised the diets of the men and women with low prudent diet scores are high in salt (e.g. chips and processed meat) and sugar (e.g. added sugar, cakes and biscuits). However, when the consumption of individual foods in adult life was considered, there was little evidence of more marked associations between consumption of salty and sugary foods and milk-feeding type.
The mechanisms that underlie the association between infant growth and adult dietary choices may include effects on early cognitive development. Brain growth is greatest in late gestation and in the first year of life (34) , and slow growth in infancy predicts poor cognitive performance in later life and lower educational attainment (35, 36) . Batty et al. (37) have shown that mental ability assessed in childhood is predictive of later food choices, such that children with higher test scores at age 10 years have a greater consumption of fruit, vegetables and wholemeal bread and lower consumption of chips and white bread at the age of 30 years. The skills indicated by the cognitive tests, such as the ability to comprehend and reason, may affect the understanding of health messages and are therefore important for lifelong management of health behaviours. A recent review concluded that rapid infant growth does not lead to greater cognitive ability (38) . However, most of the studies included were of children born in recent decades. In this historical cohort, where the majority of children were breastfed, the significance of greater infant growth may be different. The observed association between greater weight gain and adult diet was robust, and was not changed by adjustment for a range of other factors. While the data are therefore consistent with the possibility that greater weight gain in infancy was indicative of beneficial Thirds of conditional weight gain Fig. 1 . Mean (þ 95 % CI) prudent diet scores (adjusted for sex) by thirds of weight gain in first year and type of milk feeding (breast only ( ); breast þ bottle ( ); bottle only ( )). Average weight gain (adjusted for birth weight) was 5·53 (SD 0·50) kg for infants in bottom third, 6·54 (SD 0·31) kg in middle third and 7·63 (SD 0·65) kg in top third of the distribution. Number of participants in each of the nine groups is indicated above the bar. Associations between weight gain and type of milk feeding and prudent diet score are independent (P¼ 0·009 type of milk feeding; P, 0·001 weight gain in first year). The P values were obtained from multiple linear regression models.
effects on brain growth and later cognitive function, there may be other explanations, as such effects would also be expected to lead to differences in the other health behaviours. In the present study, there was no evidence of this.
A strength of this study is that a large population of older men and women were studied, for whom there was detailed contemporary information about infant feeding and growth. Although these data were not intended for future analyses, the categorisation of milk type is likely to indicate marked differences in exposure to breast milk, since feeding guidance in the 1930s recommended slow introduction of solid foods from around 8 -9 months of age (24, 39) . The high prevalence of breast-feeding in this cohort is consistent with other studies carried out in the 1930s (15) . Confidence in the feeding data is borne out by the observed dose effects in the association between milk type and weight gain in the first year, with greater weight gains in the infants who were bottle-fed (Table 2 ). This is consistent with known differences in the patterns of growth of breastfed and formula-fed infants (40) . A weakness of the analyses is that there was no information on the type of milk substitutes fed to the men and women or on the duration of milk feeding in infancy, although the bottle-feeds are likely to have included commercial dried infant milks, unmodified cows' milk and diluted condensed milk (24) . There is also no information on the nature of the participants' weaning diets, which may have differed between breastfed and bottle-fed infants. However, these difficulties in assessing dietary exposures in infancy would be expected to cause misclassification and lead to attenuation of associations. It is therefore possible that the described association between adult diet and type of milk in infancy is underestimated.
In terms of the adult characteristics assessed, membership of this cohort was defined by area of birth, and there has been loss to follow-up. However, the participants' characteristics are comparable with those of the wider community (17) and the findings should therefore have relevance beyond the cohort. Diet was assessed using an FFQ that was administered by trained research nurses (18) . Although there is concern that FFQ can be prone to measurement error, they have been shown to define patterns in a comparable way to other dietary assessment methods (41, 42) , and the patterns are predictive of biomarkers and a range of adult health outcomes (20, 43, 44) . A limitation of the analyses is that the examined associations were with current diet, and it will therefore be important to address the stability of the dietary patterns of the participants in an ongoing follow-up of the cohort. A further consideration is that although the analyses were adjusted for a number of factors, there may be other unmeasured influences on infant feeding practice and on adult dietary choice that were not assessed, and the possibility of residual confounding in these associations cannot be excluded. While the data suggest that differences in milk feeding and infant growth can have lifelong effects on food choice, it may be difficult to determine the relevance of these historical data for today's children. For example, the current composition of infant formula is very different from that of the breast milk substitutes available in the 1930s. Another key difference is the age at introduction of solid foods, which in the past was much later in infancy, and weaning may have been more gradual than it is today. Milk was therefore a relatively greater part of the infant diet. However, although comparable variations in dietary exposures may no longer exist, the findings are important. First, they lend support to experimental findings, that early dietary exposures have long-term effects on taste preferences. Secondly, they suggest that such effects could make an impact on food choices throughout life. Although these data need to be replicated in other cohorts, they provide further support for current infant feeding guidance -to breastfeed, and to provide a varied weaning diet based on fruit, vegetables and home-prepared food. Appropriate infant feeding is important not only to support early growth and development, but may also be involved in establishing good food habits in later life.
